Two important issues merit further consideration. The graphical memory. Three patients had medial tempofirst concerns the locus and extent of neuropathology ral lobe damage plus significant additional damage in the patients under study. What is the nature of the to neocortex, and these patients were severely imdamage in patients who can successfully recollect aupaired. These findings account for previously retobiographical memories, compared to patients who ported differences in the recollective ability of memcannot recollect autobiographical memories? It has ory-impaired patients and demonstrate that the ability been difficult to make this comparison, because findto recollect remote autobiographical events depends ings are frequently reported from single cases, and not on the medial temporal lobe but on widely distriboften only limited anatomical information is available. uted neocortical areas, especially the frontal, lateral
are also reduced in volume bilaterally (Table 1) , as is the ble 1, and the volumes of the fusiform gyrus and insular fusiform gyrus (Table 2) . The insular cortex is reduced in cortex are presented in Table 2 . When measurements volume on the left. of brain regions were undertaken by two independent It should be noted that this summary of the volumetscorers, the results were consistently within 13% of ric data is conservative. The considerable betweeneach other (also see Gold and Squire, 2005). Three of subject variation in the size of brain regions as well as the patients (R.S., G.W., J.R.W.) have a substantial volthe modest number of controls available for each paume reduction within the hippocampal region but, with tient work against finding significant volume reducone exception, no reduction in the parahippocampal tions. If, instead, one evaluates reductions for the pagyrus, the fusiform gyrus, the insular cortex, or the matients with respect to all 12 controls (instead of four for jor lobes of the brain. The one exception is R.S., whose each patient), one finds, in addition to what is reported parietal lobes are unusually small (Figure 2 ). However, above, a significant reduction in E.P.'s left fusiform gythis finding likely reflects natural variation in parietal rus and G.P.'s right insula, and a nearly significant relobe volume rather than damage to this region, beduction (p = 0.07) in P.H.'s right frontal cortex. cause (1) no evidence of parietal lobe damage is apparAutobiographical Memory ent in his MRI scan; and (2) he obtained normal scores
The patients in the MTL group and their controls were on tests sensitive to parietal lobe function, including a able to provide unique autobiographical memories score of 28 out of 36 for his copy of the Rey-Osterrieth (scoring the maximum of 3 points) in response to most figure (Osterrieth, 1944), a score of 99 on the Attention of the 24 cue words (Figure 4 ; MTL patients, 21.6 memsubscale of the Wechsler Memory Scale-Revised (Wechories; controls, 22.9 memories; for individual data, see sler, 1987) (Table 3) , and a scaled score of 11 on the Table 4 ). In contrast, the three patients in the MTL+ Block Design subtest of the Weschler Adult Intelligence Scale-Revised (Wechsler, 1981) . Note that volumes of group were severely impaired at recalling autobio- Figure 6A) . Patient H.C. was asked to recollect a total of five autobiographical recollections (this is the number of recollections for which he received the maximum 3 point score). He rated three of these memories as Know, and two as Remember. Thus, unlike the other participants, H.C. rated the majority of his memories as Know. The other two patients in the MTL+ group could not be evaluated in experiment 2. Thus, P.H. produced only one recollection that received a maximum 3 point score. 
Patients with Lesions Limited Primarily to the Medial Temporal Lobe
Patients are represented by filled circles. Separate control groups (n = 4; unfilled circles) were matched to patient E.P, patient G.P., incidents from childhood are shown in Figure 5A , and Vividness perspective from which visual imagery was seen), the subjective experience of remote autobiographical rec- Figure 6B shows the vividness scores that participants gave for their autobiographical memories. recollecting a past event depends importantly on the successful retrieval of visual images (Rubin and Greenberg, 1998). In our study, occipital lobe damage might Discussion contribute to the poor performance of patient H.C. The five patients with damage limited mainly to the The ability to recall remote autobiographical memories was assessed in detail in a group of memory-impaired medial temporal lobe not only produced detailed, wellformed remote autobiographical memories that resempatients for whom quantitative volumetric data were obtained to describe the locus and extent of brain dambled the recollections of the control group (also see Bayley et al., 2003), they also produced recollections age. Five of the patients had damage limited mainly to the medial temporal lobe, and three had medial tempothat were qualitatively normal by three different measures. First, autobiographical memories were classified ral lobe damage plus significant additional damage to neocortex. There were two major findings. First, the using the Remember/Know procedure according to those that included a feeling of being able to reexperipatients with damage restricted mainly to the medial temporal lobe performed normally on tests of remote ence the original event (Remembering) and those that did not include this feeling (Knowing). Both patients autobiographical memory, whereas the patients with significant damage to the neocortex were severely imand controls labeled most of their remote autobiographical memories as Remember, and the two groups paired. Second, by three measures (Remembering versus Knowing, the vividness of visual imagery, and the had similar proportions of Remember and Know re- In view of these findings, the earlier report that a Lastly, the well-studied patient H.M. underwent a bibiographical memory, including those whose impairment has been attributed to medial temporal lobe damlateral medial temporal lobe resection at the age of 27 years (Corkin et al., 1997) and has long been described age, performed poorly on the Childhood portion of the autobiographical incidents schedule from the AMI (paas having good access to autobiographical memories from before the age of 17 years (Corkin, 1984 ., 2005) . Imporand G.T.). In contrast, in the present study, patients E.P. and G.P. both obtained the maximum score of nine tantly, he achieved a normal score (by their criteria) for one of the two remote time periods tested, providing a points on the same test ( Figure 5A ). Further, each of the three patients who had damage restricted primarily to detailed autobiographical memory from age 15 years. Nevertheless, H.M. was judged to be deficient and prothe hippocampal region also obtained the maximum score of nine points. Scores for 13 controls on this test vided only one or two additional autobiographical memories. It is worth noting two factors that may have ranged from 5 to 9 (mean = 7.9). Scores in this same range have also been reported for other memorycontributed to his performance. First, H.M. became amnesic at a relatively young age, which limited the numimpaired patients thought to have damage restricted to the medial temporal lobe (patient M.R. = 6/9; Eslinger, ber of premorbid, remote memories that he could be expected to have. Second, memory formation may 1998; patient P.D. = 7/9; Eslinger, 1998; patient B.E., whose score was reported as "normal"; Kapur and have been disrupted by his epilepsy, which developed beginning at age 10. Further studies of these issues will Brooks, 1999). These results show that, even when a simple, standardized test is used, considerable differbe useful. A second patient (W.R.) in the same study was marginally impaired in three premorbid time ences remain across patients in the ability to recall remote autobiographical memories. It follows that the oriperiods and entirely normal in another (early adulthood). She also had bilateral atrophy in the parietal lobe gin of this difference cannot lie in differences in the test procedures used to assess remote memory. Further, and lesions of the right superior temporal gyrus and right thalamus, which make it difficult to interpret her detecting this difference between patients does not require the use of especially sensitive testing methods or performance.
There appear to be two ways to reconcile the disthe detailed analysis of narrative content. If testing method does not account for who is imcrepancy in findings for memory-impaired patients who do poorly on tests of remote autobiographical memory paired and who is not, the most likely alternative is that important differences exist among patients with reand patients who succeed on these tests, as in the present study. From the anatomical evidence considspect to the locus and extent of brain damage. In our study, five patients with damage limited mainly to the ered above, one explanation is that the two kinds of patients differ importantly in the locus and extent of medial temporal lobe, including patients E.P. and G.P., recalled remote autobiographical memories as well as their damage. Specifically, most of the patients who perform poorly are known to have significant damage controls. Three other patients did poorly at recalling remote autobiographical memories, and these patients outside the medial temporal lobe, whereas those patients who perform well have damage limited to the mehad significant neocortical damage outside the medial temporal lobe. Other patients with identified damage dial temporal lobe. An alternative possibility is that the 4) in experiment 1 (mean = 21.6 memories for the five patients in the MTL group; 5 memories for the MTL+ patient H.C.; mean = 23.1 Specific instructions were as follows: "I am going to give you a word and I would like you to tell me something that is connected memories for the eight controls). For each recollection, participants were given the cue word that had been given previously, together with that word that happened to you one time during the time period zero to __ years old (each participant was given a specific with a maximum of six details that they had originally provided in response to the cue word (see below). Specific instructions were age). The memory can be anything, as long as it happened to you, as follows: "During a previous test session, you told us about an not something that you heard about from someone else." If the incident that happened to you that was connected with [the cue participant was unable to provide a memory that was specific in word] that happened to you before the age of [each participant was time and place, then prompts were given as follows.
given a specific age; see Experimental Procedures]. The incident Prompts before the Narrative Recollection Was Begun. Prompts involved [subjects were initially provided with two details from their were given as needed before the participant began to describe a original narrative]. I would like you to tell me about this incident specific event. For example, to help the participant remember an again." Participants were encouraged to provide the entire narraevent involving the cue word "lake," the interviewer might ask "Pertive in as much detail as possible. If a participant was unable to haps you remember one day when you went swimming in a lake?" recollect a narrative, he was prompted with additional details from Prompts during the Narrative Recollection. Once the participant his original narrative. Additional details were given one at a time, began to describe an event, prompts were given as needed in order and the inquiry was terminated if the participant remained unable to elicit more details. For example, the interviewer might ask "You to recollect the narrative after four additional details had been said that you graduated from high school. Can you tell me more given. about the day you graduated?" or "What did you do after the gradParticipants were able to recollect most of the incidents they uation ceremony?" had described earlier. The R and K procedure was then applied as More specific prompts were also given to try to elicit as much follows: "I want you to decide whether you 'Remember' the incidetail as possible (e.g., "What was the name of the racehorse who dent or only 'Know' that it happened. Say 'Remember' if you can won the race you were watching?"). that the incident occurred, and you cannot imagine yourself there. Scoring. All narratives were scored on a 0 to 3 scale (Zola-MorSay 'Know' if it sounds familiar, and that you know it happened to gan et al., 1983). Three points were awarded for an episodic memyou, but you cannot really imagine yourself there. For example, you ory that was specific to time and place (e.g., a description of the would say 'Know' if you feel that the information you have about events on the day the participant passed the driving test). Two the incident is just occurring automatically and that you have no points were awarded for a memory that had some specificity, but actual feeling of it." A card was placed in front of the participants was not specific to one time and place and was therefore not reduring the entire test session that summarized the distinction as called as a unique event (e.g., "I used to stay at my grandma's "Remember: if you can remember the incident and can imagine house on weekends"). One point was awarded for a vague referyourself there or Know: if you know the incident took place but you ence to a memory but without any time or place reference (e.g., "I cannot imagine yourself there." read a lot of books"). Zero points were given for no response or for After rating their narratives using the R and K procedure, particia generic response (e.g., "You can open and close a door"). Addipants next rated the visual imagery in their recollections on a 5 tional detailed analysis of the narratives from the five patients in point scale. Participants were asked: "How clear is your visual imthe MTL group was also carried out to determine the number of age for this incident?" The scale was explained on the card that details in the recollections that were produced for each cue word.
was placed in front of them: 5 = "Perfectly clear and vivid as normal These data were presented previously and showed that the recolvision," 4 = "Clear and reasonably vivid," 3 = "Moderately clear and lections of the patients contained the same number of details vivid," 2 = "Vague and dim," 1 = "No image at all." Finally, partici-(±5%) as the recollections of the controls (Bayley et al., 2003) .
pants were asked to state the viewpoint from which their imagery AMI was experienced. They were asked: "Is your image seen from your In order to permit comparison between our patients and patients own perspective or as an observer?" To assist the participants, the tested in other settings, the three patients in the MTL+ group were card in front of the participants was marked "Your own perspecalso assessed with the AMI (Kopelman et al., 1989) . Data for the tive-As seen through your own eyes" and "An observer perspec-MTL group have been published previously (Bayley et al., 2003) , tive-You see yourself in the image." and they are included here for reference. This standardized test quantifies the recall of autobiographical incidents and personal facts from childhood (until age 18) and two later time periods. FolAcknowledgments lowing published procedures, participants were asked to recall three unique events from childhood (autobiographical memory) as Supported by the Medical Research Service of the Department of well as 12 facts about their childhood (personal semantic memory).
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